Searching PAJ 



1/1 ^— V 



PATENT ABSTRACTS OF JAPAN 

(1 1 )Publication number : 2001-334221 
(43)Date of publication of application : 04.12.2001 



(51)Int.CI. B08B 3/12 

B08B 1/04 
B08B 3/08 
B08B 7/04 
H01L 21/304 



(21) Application number : 2000-155530 (71)Applicant : DAINIPPON SCREEN MFG CO LTD 

(22) Date of filing : 26.05,2000 (72)Inventor : HIRAE SADAG 

SAKAI TAKAMASA 



(54) SUBSTRATE CLEANING APPARATUS 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a substrate 
cleaning apparatus which can completely remove fine 
particles on the surface of the substrate so that the 
cleaning action for the surface of the substrate can be 
improved. 

SOLUTION: An ultrasonic cleaning head 21 is positioned 
spaced at an interval D1 i.e., a first interval being a 
processing position, from the upper surface Wa of a 
substrate W which is rotated about the axis of rotation R 
of the substrate W. In the head 21, a vibration surface 
VF provided in a substrate surface WF imparts 
ultrasonic wave vibration to a cleaning liquid supplied 
into a gap K from nozzles 220, 230. A vibration element 
213 disposed on a vibration plate 212 constituting the 
surface VF alternates with split electrodes 252a, 252b in 
a comb-teeth like form, and phase-deviated alternating- 
current drive signals are applied to the element 213 to 
generate traveling waves on the surface VF. 
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* NOTICES * 

JPO and I MP IT are not responsible for any 
damages caused by the use of this translation. 

1 This docunnent has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A plane of vibration by which vacates an interval for a substrate which carries out 
relative displacement, and a placed opposite is carried out to it, and an ultrasonic-cleaning 
means to have a vibrator which makes said plane of vibration generate supersonic vibration, A 
substrate cleaning device, wherein it equips an interval of a plane of vibration of said ultrasonic- 
cleaning means, and a substrate with a fluid supply part which supplies a fluid used for 
processing of a substrate and said ultrasonic-cleaning means arranges in parallel and has two or 
more divided electrodes which receive a different alternating current drive signal, respectively in 
said plane of vibration. 

[Claim 2]A substrate cleaning device arranging in parallel and arranging said two or more divided 
electrodes to a longitudinal direction of a plane of vibration in the substrate cleaning device 
according to claim 1 . 

[Claim 3]A substrate rotation means to make a predetermined hand of cut rotate a substrate for 
said substrate centering on the vertical axis of rotation in the substrate cleaning device 
according to claim 1 or 2, A substrate cleaning device impressing an alternating current drive 
signal which shifted a phase sequentially from a divided electrode near the axis of rotation of a 
substrate among a preparation and said two or more divided electrodes. 
[Claim 4]A plane of vibration by which vacates an interval for a substrate which carries out 
relative displacement, and a placed opposite is carried out to it, and an ultrasonic-cleaning 
means to have a vibrator which makes said plane of vibration generate supersonic vibration, A 
substrate cleaning device which equips an interval of a plane of vibration of said ultrasonic- 
cleaning means, and a substrate with a fluid supply part which supplies a fluid used for 
processing of a substrate and with which said ultrasonic-cleaning means is characterized for 
said vibrator by a thing of said plane of vibration which it has at the end on the other hand. 
[Claim 5]A substrate cleaning device with which said ultrasonic-cleaning means is characterized 
for said vibrator by a thing of a longitudinal direction of said plane of vibration arranged at the 
end on the other hand in the substrate cleaning device according to claim 4. 
[Claim 6]A substrate rotation means to make a predetermined hand of cut rotate a substrate for 
said substrate centering on the vertical axis of rotation in the substrate cleaning device 
according to claim 4 or 5, A substrate cleaning device, wherein a preparation and said ultrasonic- 
cleaning means have been arranged in said vibrator at a side close to the axis of rotation of a 
substrate of said plane of vibration. 



[Translation done.] 
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1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the substrate cleaning device and substrate 
washing method for performing washing processing to various kinds of substrates, such as a 
semiconductor wafer, a glass substrate for liquid crystal displays, a PDP (plasma display panel) 
board or a glass substrate for magnetic disks, and a ceramic substrate. 
[0002] 

[Description of the Prior Art]The process of repeating and performing processing of membrane 
formation, etching, etc. on the surface of a semiconductor wafer (only henceforth a "substrate"), 
and forming the minute pattern is included in the manufacturing process of a semiconductor 
device. Since it is necessary to keep pure both sides of a substrate, especially the one direction 
of a substrate (thin coating film forming face) in which a thin film is formed for micro processing, 
washing processing of a substrate is performed if needed. For example, since abrasive soap 
(slurry) remains to substrate both sides after carrying out chemical machinery grinding treatment 
(henceforth CMP treatment) of the thin film formed on the thin coating film forming face of a 
substrate using abrasive soap, it is necessary to remove this slurry. 

[0003]The substrate cleaning device which washes the above conventional substrates. For 
example, a double-sided washing station which carries out cleaning by scrubbing of both sides of 
a substrate supplying a penetrant remover to the both sides rotating a substrate. The one 
direction of a substrate (thin coating film forming face), supplying a penetrant remover to the 
both sides rotating a substrate Cleaning by scrubbing and an one side washing station to clean 
ultrasonically, Pure water is supplied and rinsed to the both sides, rotating a substrate, and it 
consists of rinsing and a dryer which shakes off the moisture of a substrate face and is dried by 
stopping supply of pure water subsequently and carrying out the high velocity revolution of the 
substrate. 

[0004] Especially, to an above-mentioned one side washing station, in order to remove the 
particle which mainly adhered to the substrate face, here. The brush washing mechanism which 
carries out cleaning by scrubbing of the surface of a substrate with a sponge brush, and in order 
to remove the detailed particle which mainly remains to a substrate face, It has an ultrasonic 
washing machine style which supplies the penetrant remover in which the ultrasonic wave was 
given towards the surface of a substrate, and detailed particle, such as garbage which has 
adhered to the substrate face with these mechanisms, and a slurry, can be removed now. 
[0005]And the above-mentioned ultrasonic washing machine style is provided with the ultrasonic 
nozzle which turns to a substrate face the penetrant remover which gave the ultrasonic wave to 
the penetrant remover, and in which this ultrasonic wave was given by the diaphragm which 
carries out supersonic vibration in response to the pulse from an ultrasonic wave oscillator, and 
carries out the regurgitation. 

With the ultrasonic vibration energy which this penetrant remover has, detailed particle secedes 
from a substrate face and can remove now. 

[0006] However, with highly-minute-izing of a thin-film-forming pattern in recent years, removal 
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of more detailed particle was needed and the problem that it could not respond to removal of 
this more detailed particle had arisen at ultrasonic washing machine guard of the conventional 
substrate cleaning device mentioned above. Namely, in the conventional ultrasonic washing 
machine style, Since distance (henceforth regurgitation distance) to the substrate face to which 
the penetrant remover in which the ultrasonic wave was actually given is supplied from the 
delivery tip of an ultrasonic nozzle is enlarged. The ultrasonic vibration energy given to the 
penetrant remover between this distance declined, and a substrate face was not fully cleaned 
ultrasonically, but there was a problem that more detailed particle was unremovable. 
[0007]The air in the atmosphere mixed in the penetrant remover, and it became air bubbles, and 
the ultrasonic vibration energy which a penetrant remover has also with these air bubbles 
declined, and a substrate face was not fully cleaned ultrasonically, but the problem that more 
detailed particle was unremovable was also between above-mentioned regurgitation distance. 
[0008]And the penetrant remover of an always suitable quantity needed to be poured and there 
was also a problem that especially the amount of penetrant removers also increased. 
[0009] 

[Problem(s) to be Solved by the Invention]To such a situation, in an ultrasonic washing machine 
style, a penetrant remover is reduced substantially, and JP,11-1381 16,A is provided as an 
example of the ultrasonic cleaner in which liquid-shaving-izing is possible. Liquid membrane is 
made in this conventional ultrasonic cleaner by operation of surface tension between a substrate 
and a vibrating plate (diaphragm), and the composition which the ultrasonic wave from a vibrating 
plate is delivered to a substrate via this liquid membrane is indicated. Therefore, an operation of 
this liquid membrane can wash a substrate and, moreover, the amount of the penetrant remover 
used can be stopped. 

[0010]In the above-mentioned ultrasonic cleaner, as an explanatory view is shown in drawing 7 , 
as for the ultrasonic washing machine style 1 10, the vibrating plate 120 is formed in a wrap size 
in the whole substrate W. By this, the liquid membrane between the surfaces of the substrate W 
which moves in the move direction F is formed, and an ultrasonic wave is transmitted, thus — 
without it centralizes an ultrasonic wave — a large area — distributed **** — things are 
effective in view of damaging the circuit pattern which brings an ultrasonic wave together in one 
point, and was made by the substrate. However, the problem that it could not respond to 
removal of more detailed particle had arisen with highly-minute-izing of a thin-film-forming 
pattern in recent years. That is, it is requested that washing efficiency is raised without 
centralizing an ultrasonic wave. 

[001 1]Although improvement in the removal ability of particle is needed when washing the rear 
face of a substrate especially, if washing of a substrate rear is also put into a view in this way, it 
will be requested further that washing efficiency is raised. 

[0012]When the vibrating plate 120 becomes large, the penetrant remover in a gap with a 
substrate, The rate of stagnating in the inside increased, as a result, detailed particle, such as 
garbage and a slurry, remained in the substrate W surface, and it led to the fall of the yield in the 
manufacturing process of a semiconductor device, and had become a big problem. 
[0013]Then, the purpose of this invention solves an above-mentioned technical technical 
problem, fully removes particle with a detailed substrate face, and there is in providing the 
substrate cleaning device which can raise the detergency of a substrate face. 
[0014] 

[The means for solving a technical problem, and its operation and effect] To achieve the above 
objects, the plane of vibration by which this invention vacates an interval for the substrate which 
carries out relative displacement, and a placed opposite is carried out. An ultrasonic-cleaning 
means to have a vibrator which makes said plane of vibration generate supersonic vibration. 
Equipping the interval of the plane of vibration of said ultrasonic-cleaning means, and a substrate 
with the fluid supply part which supplies the fluid used for processing of a substrate, said 
ultrasonic-cleaning means is a substrate cleaning device arranging in parallel and having two or 
more divided electrodes which receive a different alternating current drive signal, respectively in 
said plane of vibration. 

[0015]The invention concerning claim 2 arranges in parallel and arranges said two or more 
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divided electrodes to the longitudinal direction of a plane of vibration in the substrate cleaning 
device according to claim 1. 

[0016]In the substrate cleaning device according to claim 1 or 2 the invention concerning claim 
3, It has a substrate rotation means to make a predetermined hand of cut rotate a substrate for 
said substrate centering on the vertical axis of rotation, and the alternating current drive signal 
which shifted the phase is impressed sequentially from the divided electrode near the axis of 
rotation of a substrate among said two or more divided electrodes. 

[001 7]A plane of vibration by which an invention concerning claim 4 vacates an interval for a 
substrate which carries out relative displacement, and a placed opposite is carried out. An 
ultrasonic-cleaning means to have a vibrator which makes said plane of vibration generate 
supersonic vibration. Equipping an interval of a plane of vibration of said ultrasonic-cleaning 
means, and a substrate with a fluid supply part which supplies a fluid used for processing of a 
substrate, said ultrasonic-cleaning means is a substrate cleaning device characterized for said 
vibrator by a thing of said plane of vibration which it has at the end on the other hand. 
[0018]As for said ultrasonic-cleaning means, an invention concerning claim 5 is characterized for 
said vibrator by a thing of a longitudinal direction of said plane of vibration arranged at the end 
on the other hand in the substrate cleaning device according to claim 4. 

[0019]In the substrate cleaning device according to claim 4 or 5 an invention concerning claim 6, 
It had a substrate rotation means to make a predetermined hand of cut rotate a substrate for 
said substrate centering on the vertical axis of rotation, and said ultrasonic-cleaning means has 
been arranged at a side which approaches the axis of rotation of a substrate of said plane of 
vibration in said vibrator. 

[0020]The operation of this invention is as follows. Here, as for a fluid which a fluid used for 
processing of a substrate was supplied and filled by interval of a substrate by which relative 
displacement is carried out, and a plane of vibration of an ultrasonic-cleaning means from a fluid 
supply part, and was filled by this interval, according to the substrate cleaning device of an 
invention concerning claim 1, an ultrasonic wave is given by plane of vibration. 
[0021]Here, it is required that sufficient washing efficiency should be acquired in the whole 
region of a plane of vibration. And according to the invention of above-mentioned claim 1, by 
standing in a row in a plane of vibration, and arranging a divided electrode, in a plane of vibration, 
it combines with the usual vibration to a fluid, and a progressive wave of supersonic vibration is 
generated. That is, by impressing a different alternating current drive signal to each divided 
electrode, oscillation periods differ and a progressive wave occurs. As a result, while being able 
to move a fluid supplied between a plane of vibration and a substrate, by a progressive wave 
which moves, efficient particle with a detailed substrate face can fully be removed, and a 
detergency of the surface of a substrate can be raised. 

[0022]A fluid filled in an interval which counters this substrate is not put to the atmosphere, and 
air, such as air bubbles, is not mixed. Therefore, since ultrasonic vibration energy will be 
efficiently transmitted to a fluid in the state where it was filled by the above-mentioned interval 
in this way if supersonic vibration is given, it can fully remove particle with a detailed substrate 
face, and can raise a detergency of a substrate face. 

[0023]Even if a "substrate face" here is a field in which a thin film of a substrate was formed, it 
may be a field in which a thin film of a substrate is not formed, and any of the upper surface of a 
substrate and the undersurface may be sufficient as it. That is, a substrate face may be any field 
except the end face of an edge part of a substrate. 

[0024]It is [ anything ] good, if "fluids" here may be any of a penetrant remover of pure water 
and drug solutions (for example, fluoric acid, sulfuric acid, chloride, nitric acid, phosphoric acid, 
acetic acid, ammonia, or these hydrogen-peroxide-solution solutions etc.) and is a fluid which 
can wash a substrate face. 

[0025]According to the substrate cleaning device of an invention concerning claim 2, a divided 
electrode is arranged in parallel and arranged at a longitudinal direction of a plane of vibration. A 
progressive wave will be acted and made into a longitudinal direction of a plane of vibration by 
this, and vibrational energy will be transmitted for a long time to a fluid. As a result, particle with 
a detailed substrate face can fully be removed, and a detergency of a substrate face can be 
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raised. 

[0026]According to the substrate cleaning device of an invention concerning claim 3, a substrate 
cleaning device may be provided with a substrate rotation means to make a predetermined hand 
of cut rotate a substrate for a substrate centering on the vertical axis of rotation, and may 
impress an alternating current drive signal which shifted a phase sequentially from a divided 
electrode near the axis of rotation of a substrate among said two or more divided electrodes, 
namely, a direction in which a progressive wave separates from the axis of rotation of a 
substrate by carrying out like this — in other words, it generates towards an end of a substrate. 
Therefore, displacement efficiency of a fluid would improve without stagnating in a substrate 
face, and a fluid in which always fresh supersonic vibration was given will be in contact with a 
substrate face. As a result, a detergency of a substrate face can be raised further. 
[0027]According to the substrate cleaning device of an invention concerning claim 4, an 
ultrasonic-cleaning means has a vibrator in a one end part of a plane of vibration. As a result, 
while being able to move a fluid for a progressive wave of supersonic vibration in a plane of 
vibration, by a progressive wave which moves a plane of vibration, efficient particle with a 
detailed substrate face can fully be removed, and a detergency of the surface of a substrate can 
be raised. 

[0028]According to the substrate cleaning device of an invention concerning claim 5, it has a 
vibrator in a one end part of a longitudinal direction of a plane of vibration. As a result, while 
being able to move a fluid for a progressive wave of supersonic vibration to a longitudinal 
direction in a plane of vibration, vibrational energy will be transmitted for a long time to a fluid by 
a progressive wave which moves to a longitudinal direction. As a result, efficient particle with a 
detailed substrate face can fully be removed, and a detergency of the surface of a substrate can 
be raised. 

[0029]According to the invention concerning claim 6, a substrate cleaning device may be 
arranged in a vibrator of an ultrasonic-cleaning means at a side close to the axis of rotation of a 
substrate of a plane of vibration, namely, a direction in which a progressive wave separates from 
the axis of rotation of a substrate by carrying out like this — in other words, it generates 
towards an end of a substrate. Therefore, displacement efficiency of a fluid improves, a 
penetrant remover in which always fresh supersonic vibration was given will be in contact with a 
substrate face, and a detergency of a substrate face can be raised further. 
[0030] 

[Embodiment of the Invention]Below, the substrate cleaning device concerning one embodiment 
of this invention for solving an above-mentioned technical technical problem is explained in detail 
with reference to an accompanying drawing. Drawing 1 is a perspective view showing the 
composition of the principal part of the substrate cleaning device concerning one embodiment of 
this invention in simple. This substrate cleaning device 1 carries out cleaning by scrubbing of 
both sides of the wafer (only henceforth a "substrate") after CMP treatment, After removing 
comparatively big particle, it is a device which carries out cleaning by scrubbing of the upper 
surface Wa (thin coating film forming face) of the substrate W again, and cleans it ultrasonically 
and from which comparatively detailed particle is removed. Taking out or carrying in of the 
substrate W to this substrate cleaning device 1 is suitably performed by the substrate transfer 
robot etc. which have a hand (H shown in drawing 1 with a two-dot chain line) which carries out 
adsorption maintenance of the undersurface Wb (a thin coating film forming face is a field of an 
opposite hand) of the substrate W and which do not illustrate. 

[0031]This substrate cleaning device 1, The substrate W. The axis of rotation R. At the center, 
the hand of cut F. The substrate rotation mechanism 1 0 and the substrate upper surface Wa 
which are rotated in the (move direction). The brush washing mechanism 30 for carrying out 
cleaning by scrubbing of the ultrasonic washing machine style 20 for cleaning ultrasonically, and 
the substrate upper surface Wa, and the auxiliary liquid feed mechanism 40 which supplies a 
penetrant remover towards near point O (the center O of the substrate W) where the axis of 
rotation R of the substrate upper surface Wa and the substrate W crosses, It consists of the 
control section 50 which controls operation of each mechanism. 

[0032]The substrate rotation mechanism 10 is formed in the upper bed part of the axis of 
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rotation 1 1 which rotation driving force is transmitted from the rotating driving source which is 
not illustrated, and rotates in the direction of the hand of cut F, and this axis of rotation 11, and 
consists of the spin chuck 12 which carries out adsorption maintenance of the substrate 
undersurface Wb by two or more absorbing holes on the upper surface. By these composition, it 
can rotate the substrate W now in the direction of the hand of cut F centering on the axis of 
rotation R vertical to the substrate W. the substrate rotation mechanism 10 carrying out 
adsorption maintenance of the substrate undersurface Wb. This substrate rotation mechanism 10 
is equivalent to the substrate rotation means of this invention. 

[0033]Again. The field WF for substrate pairs established so that the ultrasonic washing machine 
style 20 might counter with the substrate upper surface Wa, The below-mentioned nozzle which 
a tip part is arranged and supplies penetrant removers, such as pure water, as a fluid in this field 
WF for substrate pairs, And it has a plane of vibration (VF of below-mentioned drawing 2 ) which 
gives supersonic vibration to the penetrant remover which was provided in the field WF for 
substrate pairs, and was supplied from this nozzle. The ultrasonic cleaning head 21 for giving 
supersonic vibration to the penetrant remover supplied between the field WF for substrate pairs, 
and the substrate upper surface Wa, The swinging arm 22 which holds this ultrasonic cleaning 
head 21 by a one end, and the rocking drive source 24 of the motor etc. which are made to 
rotate this swinging arm 22 focusing on the arm shaft 23 in a predetermined angle range 
(rocking). It consists of the rise-and-fall driving sources 25, such as a motor which makes a 
sliding direction go up and down the ultrasonic cleaning head 21 and the swinging arm 22. The 
part containing the ultrasonic cleaning head 21 of the above-mentioned ultrasonic washing 
machine style 20 is equivalent to the ultrasonic-cleaning means of this invention. 
[0034]Between the swinging arm 22 and the rocking drive source 24. 24 t of rocking transmission 
mechanisms which transmit the rotation driving force from the rocking drive source 24 to the 
swinging arm 22 are established. For example, 24 t of this rocking transmission mechanism is a 
belt & belt pulley mechanism etc. which consist of a belt over which it was built between 1 set of 
belt pulleys attached to each of the output shaft of the motor as the rocking drive source 24, 
and the arm shaft 23. and 1 set of these belt pulleys. Thereby, if the output shaft of the motor 
as the rocking drive source 24 is rotated, the arm shaft 23 will rotate and the swinging arm 23 
will rotate. 

[0035]Between the swinging arm 22 and the rise-and-fall driving source 25, 25 t of rise-and-fall 
transmission mechanisms which change the rotation driving force from the rise-and-fall driving 
source 25 into the driving force of a sliding direction, and are transmitted to the swinging arm 22 
are established. For example, the ball screw axis to which 25 t of this rise-and-fall transmission 
mechanism was connected pivotable to the output shaft of the motor as the rise-and-fall driving 
source 25, The structure of a to [ from the swinging arm 22 / the rocking drive source 24 ] is 
held so that linear movement is possible, and the ball screw mechanism etc. which consist of a 
move child who screws in a ball screw axis are established. Thereby, if the output shaft of the 
motor as the rise-and-fall driving source 25 is rotated, a ball screw axis will rotate, a move child 
will do vertical movement, and the structure of a to [ from the swinging arm 23 / the rocking 
drive source 24 ] will go up and down. 

[0036]By these composition, the ultrasonic washing machine style 20, Reciprocation moving of 
the treatment position which shows drawing 1 t he ultrasonic cleaning head 21 in accordance with 
the course A2 according to the rocking drive source 24, and the position in readiness located 
out of the substrate upper surface Wa can be carried out, and vertical movement can be carried 
out now along with the course A1 and A3 by the rise-and-fall driving source 25. The ultrasonic 
washing machine style 20 makes the course A1 top go up it, and Namely, next, the interval of the 
substrate upper surface Wa and the field WF for substrate pairs. After carrying out horizontal 
migration of the course A2 top in the direction approaching the axis of rotation R of the 
substrate W, maintaining the state where (it is hereafter considered as the interval D for 
substrate pairs) is the 2nd large interval D2, a course A3 top is dropped. And the state of a 
treatment position where the interval D for substrate pairs is the 1st interval D1 about the 
ultrasonic cleaning head 21 is maintained. Similarly, course A3 is gone up, and after carrying out 
horizontal migration of the course A2 top in the direction which separates from the axis of 
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rotation R of the substrate W, the course A1 is descended and it becomes a position in 
readiness. 

[0037]The brush section 31 which has a sponge brush for the brush washing mechanism 30 to 
carry out cleaning by scrubbing of the substrate upper surface Wa, The swinging arm 32 which 
holds this brush section 31 pivotable by a one end, It consists of the rocking drive source 34 of 
the motor etc. which are made to rotate this swinging arm 32 focusing on the arm shaft 33 in a 
predetermined angle range (rocking), and the rise-and-fall driving sources 35, such as a motor 
which makes a sliding direction go up and down the brush section 31 and the swinging arm 32. 
The brush section 31 rotates according to the rotating driving source of the motor etc. which 
were formed in the swinging arm 32 and which are not illustrated. Between the swinging arm 32 
and the rocking drive source 34 and between the swinging arm 32 and the rise-and-fall driving 
source 35, 34t of rocking transmission mechanisms and 35 t of rise-and-fall transmission 
mechanisms of the same structure as the ultrasonic washing machine style 20 are established. 
[0038]By these composition, like the ultrasonic washing machine style 20, the brush washing 
mechanism 30 can carry out horizontal migration of the brush section 31 over the substrate 
upper surface Wa according to the rocking drive source 24, and vertical movement can be 
carried out now by the rise-and-fall driving source 25. Each movement is controlled so that this 
brush section 31 and ultrasonic cleaning head 21 do not interfere near center O of the substrate 
W. 

[0039]The auxiliary liquid feed mechanism 40 consists of the auxiliary liquid supply nozzle 41 
which supplies a penetrant remover towards near center O on the upper surface Wa of a 
substrate, the auxiliary liquid piping 42 which sends in a penetrant remover to this auxiliary liquid 
supply nozzle 41, and the penetrant remover supply source 43 to which this auxiliary liquid piping 
42 was connected. The valve 44 for starting / stopping supply of the auxiliary liquid from the 
auxiliary liquid supply nozzle 41 is infixed in the part in the middle of this auxiliary liquid piping 42. 

[0040]The penetrant remover from this auxiliary liquid feed mechanism 40 is supplied to the 
center O of the substrate W, while the ultrasonic cleaning head 21 which has a nozzle is not 
located in a treatment position at least. For this reason, the substrate upper surface Wa whole 
region will always be in the state where a penetrant remover is supplied. However, in order to 
prevent further desiccation on this upper surface Wa of a substrate, while the substrate W is 
held on the spin chuck 12, it is always preferred that the penetrant remover is supplied to the 
substrate upper surface Wa from the auxiliary liquid supply nozzle 41. 

[0041]Next, the washing processing operation by the substrate cleaning device 1 which has the 
above composition is explained briefly. First, in the state where it is located in a position in 
readiness, the substrate W, with which both sides were washed beforehand is carried in in the 
substrate cleaning device 1, the ultrasonic cleaning head 21 is laid in the upper surface of the 
spin chuck 12, and adsorption maintenance is carried out by the hand H of the substrate transfer 
robot which does not illustrate. Almost simultaneously with adsorption maintenance of the 
substrate W by this spin chuck 12, a penetrant remover is supplied from the liquid supply nozzle 
41 of the auxiliary liquid feed mechanism 40 towards near center O of the substrate W. Next, 
according to the rotating driving source which the spin chuck 12 which carried out adsorption 
maintenance of the substrate W does not illustrate, it rotates at high speed and the substrate W 
rotates in the direction of the hand of cut F centering on the axis of rotation R (substrate 
rotation process). 

[0042]And if the swinging arm 22 rotates and the ultrasonic cleaning head 21 of the ultrasonic 
washing machine style 20 is moved above the center O of the substrate W by the rocking drive 
source 24 in accordance with the course A1 and the course A2, a penetrant remover will be 
supplied from the nozzle of the ultrasonic washing machine style 20 almost simultaneous 
(penetrant remover supply process). 

[0043]Next, along with course A3, the swinging arm 22 descends by the rise-and-fall driving 
source 25, the ultrasonic cleaning head 21 approaches the substrate upper surface Wa near 
center O of the substrate W, and ultrasonic cleaning is performed in the treatment position 
which is the 1st interval D1 (cleaning process). Simultaneously with this cleaning process, just 
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before or after a cleaning process, cleaning by scrubbing by the brush washing mechanism 20 is 
performed. As for the revolving speed of the spin chuck 12, 10 to about 1000 rpm is preferred. 
[0044] And while rotation of the substrate W by the substrate rotation mechanism 1 0 is 
suspended, supply of the penetrant remover from the ultrasonic washing machine style 20 is 
suspended. And while the ultrasonic washing machine style 20 and the brush washing mechanism 
30 finally move to a position in readiness through the course A2 and the course Al from course 
A3 immediately after suspending supply of the penetrant remover from the auxiliary liquid feed 
mechanism 40, The substrate W is taken out from the substrate cleaning device 1 by the hand H 
of the substrate transfer robot which does not illustrate, and washing processing with this 
substrate processing device 1 to the one substrate W is completed. An operation flow is 
beforehand set as the control section 50, and the above operation is controlled according to the 
setting out. After this, it rinses and dries, the last finish is carried out with the following rinsing 
and dryer, and it is accommodated in the cassette which can two or more sheet accommodate 
the substrate W. 

[0045]Now. next, the ultrasonic cleaning head 21 of the ultrasonic washing machine style 20 
used as the characterizing portion of the invention in this application is explained in detail using 
figures. The sectional view which drawing 2 looked at from the device side which shows the 
composition of the ultrasonic cleaning head 21 in simple, the sectional view which drawing 3 (a) 
looked at from the device side of a longitudinal direction, and drawing 3 (b) are the top view. The 
body part 21 1 of the square-bar shape in the air where the ultrasonic cleaning head 21 consists 
of fluoro-resins. such as 4 fluoridation Teflon (registered trademark) (poly tetra fluoroethylene). 
for example. The diaphragm 212 plate-like [ long ] with the plane view which has the plane of 
vibration VF in the field WF for the substrate pairs equivalent to the bottom of this body part 
21 1. The vibrator 213 plate-like [ long ] with the plane view to which it is stuck on the upper 
surface of this diaphragm 212, and supersonic vibration of the diaphragm 212 is carried out in 
response to the pulse from the ultrasonic wave oscillator 214, It has the tip part NS in the field 
WF for substrate pairs, and consists of the nozzles 220 and 230 inserted in the longitudinal 
direction side part of the body part 21 1. And in respect of [ WF ] for substrate pairs, the plane of 
vibration VF of the tip part NS of the nozzles 220 and 230, the body part 21 1 containing NS, and 
the diaphragm 212 is formed in abbreviated flush. 

[0046]The upper and lower sides are formed in a flat surface, and the diaphragm 212 is formed in 
the rectangular plate shape supported by the body part 21 1 at the both ends. The diaphragm 212 
has the operation which resonates for the ultrasonic wave generated from the vibrator 213, and 
transmits vibration, and comprises materials, such as quartz, stainless steel, aluminum, SiC, and 
Tal Tan. 

[0047]The vibrator 213 has the piezoelectric element 250, the earth electrode 251 provided 
almost over the whole surface of the undersurface of the piezoelectric element 250, and two or 
more divided electrodes 252 provided in the upper surface of the piezoelectric element 250. If a 
driving signal is given to this divided electrode 252, supersonic vibration will occur in the 
piezoelectric element 250. and this supersonic vibration will be told to a penetrant remover via 
the diaphragm 212. It is also possible to instead use like magnetostrictor the supersonic vibration 
generating element which generates supersonic vibration by other principles as the piezoelectric 
element 250. 

[0048] Drawing 4 is an exploded perspective view of the vibrator 213. The undersurface of the 
piezoelectric element 250 is covered, the both ends are turned up, and the earth electrode 251 
is contacted by the upper surface of the piezoelectric element 250. Two or more divided 
electrodes 252 of each other are estranged, are installed in the upper surface of the 
piezoelectric element 250, and are formed in ctenidium shape, respectively. In the example of 
drawing 4 , the two divided electrodes 252a and 252b face mutually, the slit PI and P2 are formed 
in the same pitch, and it is installed in the form where the slit PI and the electrode principal 
pieces 252c and 252d of the same width as P2 enter. The diaphragm 212 and the vibrator 213 
are pasted up with adhesives. 

[0049]If an alternating current drive signal is impressed to the divided electrodes 252a and 252b 
from the ultrasonic wave oscillator 214, the progressive wave of supersonic vibration (deflection 
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wave) will occur in the plane of vibration VF of the diaphragm 212. That is, two kinds of 
alternating current drive signals which are the sine waves from which about 90 degrees of 
phases differ are supplied to the divided electrodes 252a and 252b. It expands and contracts 
according to the driving signal given to each divided electrode, and the progressive wave which 
spreads the surface of the diaphragm 212 to one side according to this elasticity generates the 
portion just under each divided electrodes 252a and 252b of the vibrator 213. That is, in the 
example of drawing 4 , when the phase of an alternating current drive signal is shifted from the 
divided electrode 252a to the divided electrode 252b, it will continue with the 1st electrode 
principal piece 252d of the divided electrode 252b from the 1st electrode principal piece 252c of 
the divided electrode 252a located in the left-hand side in a figure, and a progressive wave will 
arise to figure Nakamigi. 

[0050]The nozzles 220 and 230 which the body part 21 1 is being fixed to the undersurface of the 
one end of the above-mentioned swinging arm 22 with the bolt etc. on the square-bar-like upper 
surface, and insert in the inside of the body part 21 1, It is connected to the penetrant remover 
supply source 43 to which the auxiliary liquid piping 42 of the above-mentioned auxiliary liquid 
feed mechanism 40 was connected via the nozzle piping 221 and 231 which passes along the 
Inside of the swinging arm 22. The valves 222 and 232 for starting / stopping supply of the 
penetrant remover from the nozzles 220 and 230 are infixed in the part in the middle of the 
nozzle piping 221 and 231. 

[0051]About the hand of cut F whose nozzles 220 and 230 are the move directions of the 
substrate W to the ultrasonic cleaning head 21, on both sides of the diaphragm 212, the nozzle 
220 is arranged at the downstream and the nozzle 230 is arranged at the upstream. The nozzle 
220 (since the composition of the nozzle 230 is also the same in addition, explanation is omitted) 
cuts the side plate 223 (233) set up by the flank of the direction vertical to the move direction F 
of the substrate W of the body part 211 which supports the diaphragm 212 by a peripheral 
surface, and is formed. The discharge opening 224 (234) of a penetrant remover is punctured by 
slit shape at the tip part NS which is the field WF for substrate pairs of the body part 21 1. and 
as shown in drawing 3 (b), it is formed in the long picture from the plane of vibration VF of the 
diaphragm 212. 

[0052]And the discharge openings 224 (234) are formed successively by the reservoir 226 (236) 
via the liquid guidance part 225 (235). The cross-section area is smaller than the cross-section 
area of the reservoir 226 (236), and the discharge opening 224 (234) is formed. The connecting 
parts 221a and 221b (231a. 231b) shown in drawing 3 (a) to which the nozzle piping 221 (231) 
branched in the upper part of this reservoir 226 (236) separate suitably, and are connected. 
[0053]Next, the interval space K should just be an interval fulfilled by a penetrant remover, and 
the 1st interval D1 is usually fully preferably set as about 1-2 mm 3 mm or less. In this one 
embodiment, setting out of this interval for substrate pairs is performed by the rise-and-fall 
driving source 25. and as explanation of above-mentioned drawing 1 showed, the interval K for 
substrate pairs is set as two intervals of the 1st interval D1 and the 2nd interval D2 by the rise- 
and-fall driving source 25. 

[0054]As the size of the ultrasonic cleaning head 21 of the above composition is shown in 
drawing 3 (a), the center O of the substrate W is located in the one end (left-hand side in a 
figure) of the plane of vibration VF, and the end Wc of the substrate W counters an another side 
end (figure Nakamigi side). That is, it is set up cover the somewhat larger range than the radius 
of the substrate W by the plane of vibration VF. 

[0055]While Kaisei of the valves 222 and 232 is carried out with the signal of the control section 
50 by the above composition and a penetrant remover is supplied from the nozzles 220 and 230, 
If the ultrasonic cleaning head 21 approaches to the position from which the interval D for 
substrate pairs turns into the 1st interval D1, a penetrant remover will be filled in the space 
(interval space K) inserted into the substrate W and the field WF for substrate pairs. And to the 
penetrant remover filled in this interval space K. the supersonic vibration from the diaphragm 212 
is given and ultrasonic cleaning on the upper surface Wa of a substrate is performed. Here, 
electric power with a frequency of 400 kHz - 1 MHz is outputted from the ultrasonic wave 
oscillator 214. 
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[0056]In that case, the penetrant remover supplied from the nozzle piping 221 and 231 is 
[ nozzles / 220 and 230 ] full of the cross-section area of the liquid guidance parts 225 and 235 
and the reservoirs 226 and 236 by difference first at the longitudinal direction of the reservoirs 
226 and 236. And a penetrant remover is flowing down the liquid guidance parts 225 and 235, and 
a bias is supplied to slit shape from the discharge openings 224 and 234 few at the substrate 
upper surface Wa. 

[0057]Next. the action on the substrate upper surface Wa of a penetrant remover is explained. 
The interval (henceforth the maximum contiguity interval) of the portion to which the substrate 
W and the field Wa for substrate pairs are most close is set as 3 mm or less. Here, the usual 
penetrant remover used for washing on the upper surface Wa of a substrate forms liquid 
membrane not less than 3 mm thick in a substrate face in general with the surface tension. For 
this reason, in the interval space K, the interval for substrate pairs is certainly fulfilled by the 
penetrant remover in a portion of 3 mm or less among the interval space K. Therefore, the 
ultrasonic vibration energy transmitted to the penetrant remover can fully be maintained, and the 
detergency of a substrate face can be raised further. However, a centrifugal force is given in the 
direction which separates from the axis of rotation R by rotation of the substrate W to the 
penetrant remover on the substrate upper surface Wa, and torque is given in the direction of the 
hand of cut F of the substrate W. For this reason, the penetrant remover supplied to the 
substrate upper surface Wa serves as the tendency to flow in the direction which separates 
from the axis of rotation R, and the direction of the hand of cut F. 

[0058] Here, if supply of a penetrant remover is performed only from the downstream of the hand 
of cut (the move direction) F of the substrate W which is one side, a penetrant remover will be in 
the state where it does not fill even if it carries out with surface tension into the interval space 
K. Even if carried out only from the upstream which is another side, if revolving speed is too 
early, it is not placed between the interval space K by the penetrant remover by the downstream 
of the plane of vibration VF of the diaphragm 212. In this one embodiment, the upstream and the 
downstream of the plane of vibration VF of the hand of cut F (the move direction) However, the 
tip part NS of the nozzles 220 and 230, [ of the diaphragm 212] [of the substrate W ] Since it is 
surrounded by NS and the plane of vibration VF is formed in the field of the puncturing length of 
the discharge openings 224 and 234 of the nozzles 220 and 230, the inside of the interval space 
K can be crossed all over the plane of vibration VF, and can always intervene. That is, a 
penetrant remover will be supplied from the circumference of abbreviated of the plane of 
vibration VF, it will always be placed between the interval space K by the penetrant remover with 
surface tension, and supersonic vibration can fully be given to a penetrant remover. 
[0059]it being in the state where the gap which is not full of a penetrant remover and between 
which it is placed by air produces, for example, if the field WF for substrate pairs of the 
ultrasonic cleaning head 21 has structural unevenness, however, when the relation between the 
supply flow rate of a penetrant remover and the revolving speed of the substrate W is 
appropriate, In this one embodiment, since the field WF for substrate pairs is formed in 
abbreviated flush, with supply of the penetrant remover in the interval space K, the air in the 
interval space K is driven out and it is fulfilled by the penetrant remover. Therefore, breakage of 
the diaphragm 212 can be prevented. 

[0060]Since the field in the interval space K does not touch with the atmosphere the penetrant 
remover filled in this interval space K, it does not have that air, such as air bubbles, mixes. 
Therefore, since ultrasonic vibration energy will be efficiently transmitted to this penetrant 
remover if supersonic vibration is given, it can fully remove particle with a detailed substrate 
face, and can raise the detergency of a substrate face. 

[0061 ]If an alternating current drive signal is supplied to the divided electrodes 252a and 252b in 
this state, a progressive wave will occur toward the end Wc from the center O of the substrate 
W in the plane of vibration VF of the diaphragm 212. A penetrant remover vibrates to this 
progressive wave, and it is moved to the outside of the substrate W, rotating to the hand of cut 
F. That is, a penetrant remover is eventually discharged outside from the end Wc of the 
substrate W by a progressive wave. For this reason, while the substrate face Wa is uniformly 
washed over the whole plane-of-vibration VF, the penetrant remover in the interval space K 
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flows out and goes to the exterior of the interval space K smoothly, without stagnating in that 
inside. In that case, resoiling on the upper surface Wa of a substrate can be certainly prevented 
by generating a progressive wave toward the end Wc from the center O of a substrate. 
Therefore, the displacement efficiency of the penetrant remover in the interval space K 
improves, the penetrant remover in which always fresh supersonic vibration was given will be in 
contact with the substrate face, and the detergency of a substrate face can be raised further. 
Since it combines with the usual vibration to a fluid in a plane of vibration and the progressive 
wave of supersonic vibration is generated, the detergency of the surface of a substrate can be 
raised. 

[0062]In the first example of the above, although the same wave-like alternating current drive 
signal as the divided electrodes 252a and 252b was given, a driving signal which has the 
frequency characteristic on which the alternating current drive signal made the ingredient with 
comparatively low frequency and the high ingredient superimpose may be used. 
[0063]Although the progressive wave over a penetrant remover is formed in the example of the 
<second example> above by ** which divides an electrode, it is good also as the ultrasonic 
cleaning head 300 of structure as shown in following drawing 5 . The top view in which drawing 5 
shows the field WF for substrate pairs of this ultrasonic cleaning head 300, the plane of vibration 
VF and the tip part NS of a nozzle, and a relation with the substrate W, the side view which 
looked at drawing 6 (a) from that longitudinal direction, and drawing 6 (b) are the top views seen 
from that undersurface. In the composition of this drawing 5 t hru/or drawing 6 , about the same 
portion as the composition of drawing 2 t hru/or drawing 4 , that detailed explanation is omitted, 
and drawing 2 t hru/or the same reference mark as each part of drawing 4 are attached and 
shown. 

[0064]In this ultrasonic cleaning head 300. the composition of the vibrator 302 to the diaphragm 
301 mainly differs. As shown in drawing 6 , this ultrasonic cleaning head 300 has the two vibrators 

303 and 304 in the right-and-left-ends part which is a longitudinal direction of the diaphragm 
301 as the vibrator 302. The one vibrator 303 comes out with the earth electrode 306 in which 
the end extended on the upper surface of the piezoelectric element 305, and the electrode 307 
provided in the field as for which the piezoelectric element 305 upper surface was vacant by 
spreading, with is constituted so that it may cover on the undersurface of the piezoelectric 
element 305 and the piezoelectric element 305. It has composition also with the same vibrator 

304 of another side. 

[0065]And in generating a progressive wave like the first example by composition of this second 
example. While using the vibrator 303 near the center O of the substrate W as a shaker, the 
progressive wave which advances toward the end Wc from the center O of the substrate W can 
be generated by using the vibrator 304 by the side of the end Wc of the substrate W as an 
absorption machine. The penetrant remover is in contact with the plane of vibration VF. and the 
progressive wave excited by supersonic vibration advances in the direction of drawing 6 
Nakamigi, and is in the plane of vibration VF. The driving principle of objects, such as a penetrant 
remover, is used by the ultrasonic motor by such a progressive wave, and the above-mentioned 
example drives a penetrant remover by the progressive wave of the substrate face Wa. 
[0066]And while vibrating the vibrator 303, the load of suitable impedance is connected to the 
vibrator 304, and a progressive wave is absorbed by performing power generation by vibration of 
a progressive wave. That is, as shown in drawing 6 (a), the ultrasonic wave oscillator 214 is 
connected to the vibrator 303, and the circuit 308 which comprises the load resistance 309 and 
the coil 310 is connected and constituted in the vibrator 304. It may be made to absorb a 
progressive wave by transposing the mechanical method 304, for example, a vibrator, to an 
ultrasonic absorption object instead of using the vibrator 304 as an absorption machine. 
[0067]According to the above composition, the progressive wave which progresses to the 
absorption machine side in the about 1 direction from a shaker on the substrate upper surface 
Wa can be generated. Therefore, while the substrate upper surface Wa is uniformly washed over 
the whole plane-of-vibration VF, the penetrant remover in the interval space K flows out and 
goes to the exterior of the interval space K smoothly, without stagnating in the inside. Therefore, 
the detergency of the surface of a substrate can be raised. 
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[0068]As mentioned above, although one embodiment of this invention was described, this 
invention is not limited to an above-mentioned embodiment, and can also be carried out with the 
gestalt of further others. For example, although he was trying to set the interval D for substrate 
pairs as the 1st interval D1 by the rise-and-fall driving source 25 as an interval setting-out 
means, it may be made to fine-adjust the interval D for substrate pairs (Dl) further in one 
embodiment mentioned above by interval setting-out means by which this rise-and-fall driving 
source 25 is another. That is, while setting the interval D for substrate pairs as 1st about 
interval Dl roughly by the rise-and-fall driving source 25, it may be made to set the interval D 
for substrate pairs as the 1st interval Dl precisely by another interval setting-out means. 
[0069]In one embodiment mentioned above, although the ultrasonic cleaning head 21 is arranged 
by the rocking drive source 24 and 24 t of rocking transmission mechanisms fixed during washing 
processing of the substrate W at the substrate upper surface Wa, linear movement of the 
ultrasonic cleaning head 21 may be carried out over the substrate upper surface Wa. For 
example, it may replace with 24 t of rocking transmission mechanisms, and both-way linear 
movement (rocking) of the ultrasonic cleaning head 21 may be carried out in the direction which 
separates to the axis of rotation R of the substrate W over the substrate upper surface Wa, and 
the direction which approaches using a ball screw mechanism etc. which were explained as 25t 
of rise-and-fall transmission mechanisms. 

[0070]In one embodiment mentioned above, although he is trying to arrange one ultrasonic 
cleaning head radially from the center O of the substrate W, two ultrasonic cleaning heads may 
be objectively arranged for the center O of the substrate W as a reference point. Each ultrasonic 
cleaning head generates a progressive wave toward the end Wc from the center O of the 
substrate W by carrying out like this, and it may be made to move a penetrant remover. 
[0071]In one embodiment mentioned above, although the shape of the tip part NS of the nozzle 
provided in the ultrasonic cleaning head 21 is the slit shape formed in the predetermined 
direction for a long time, it may be what kind of shape, for example, may be two or more slit 
shape short openings. 

[0072]In a first embodiment mentioned above, although the field WF for substrate pairs is a flat 
surface which counters almost in parallel with the substrate upper surface Wa, it may be a flat 
surface which inclines and counters not only to this but to the substrate upper surface Wa, and 
may be a curved surface projected or dented to the substrate upper surface Wa. 
[0073]ln one embodiment mentioned above, although pure water is used as a penetrant remover, 
as long as it is a fluid which can wash a substrate, anything, it may be good, for example, they 
may be drug solutions, such as fluoric acid, sulfuric acid, chloride, nitric acid, phosphoric acid, 
acetic acid, ammonia, or these hydrogen-peroxide-solution solutions. 

[0074]In one embodiment mentioned above, although it is considered as the fluoro-resin, it has 
the acidity or alkalinity-proof over a penetrant remover, and a mechanical strength comes out 
enough, and if construction material, such as the body part 211 of the ultrasonic cleaning head 
21, is a certain things, it is [ anything ] good. For example, when a penetrant remover is pure 
water, it is good also as construction material of metal, such as resin, such as VCM/PVC and an 
acrylic, or stainless steel, and aluminum, etc. When a penetrant remover is a drug solution, it 
changes with kinds of the drug solution, but resin, such as a fluoro-resin and VCM/PVC, is 
mainly applied. 

[0075]In one embodiment mentioned above, although he was trying to make it rotate by the spin 
chuck 12 which carries out adsorption maintenance of the substrate undersurface Wb, holding 
the substrate W, the substrate rotation mechanism 10, It may be a spin chuck of the pin 
maintenance type which rotates centering on the axis of rotation R of the substrate W, carrying 
out pin maintenance of the edge part of the substrate W in the lower part and end face. 
[0076]It is or like [ the substrate rotation mechanism 10 contacting the end face of the edge 
part of the substrate W ] at least three roller pins which rotate focusing on an axis parallel to the 
axis of rotation R of the substrate W. Especially the substrate rotation mechanism 10 using this 
roller pin is effective when cleaning both sides of the substrate W ultrasonically, and if the 
ultrasonic cleaning head 21 is arranged in the position which sandwiches the substrate W, it can 
clean ultrasonically the whole region of substrate both sides (Wa and Wb) good. A penetrant 
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remover is temporarily held only for the specified quantity by the ultrasonic cleaning head 21 
being used for it according to the first example in such a case, although that field WF for 
substrate pairs will turn to the ultrasonic cleaning head 21 which washes the substrate 
undersurface Wb in this case up. For this reason, in the interval space K, a penetrant remover 
can be filled easily and sufficient supersonic vibration can be given to a penetrant remover. 
[0077]In one embodiment mentioned above, although the case where the substrate W after CMP 
treatment is washed is explained, it is not restricted to this, and this invention is large and can 
be applied also to what washes the substrate W. 

[0078]Although the case where a semiconductor wafer is washed as the substrate W is explained 
in one embodiment mentioned above. This invention is widely applicable to washing of other 
substrates of various kinds of, such as a glass substrate for liquid crystal displays, a PDP 
(plasma display panel) board or a glass substrate for magnetic disks, and a ceramic substrate. 
This invention is applicable also to the shape of the substrate also to the square-shaped board 
of a square or a rectangle besides the circular board of one embodiment mentioned above. 
[0079]In addition, it is possible to perform various design variations within the limits of the 
matter indicated to the claim. 
[0080] 

[Effect of the Invention]According to this invention, as explained above, since supersonic 
vibration will be given and ultrasonic vibration energy will be efficiently transmitted if a fluid is 
filled in interval space, particle with a detailed substrate face is fully removed, and the effect 
that the detergency of a substrate face can be raised is done so. While being able to make a fluid 
able to generate a progressive wave and being able to make it move to it in that case, by the 
progressive wave which moves, efficient particle with a detailed substrate face can fully be 
removed, and the detergency of the surface of a substrate can be raised. 



[Translation done.] 
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20 So 

[0 0 18] ft*]S5iC#.SilgBJ(±. ff*«4{Ctfitt« 

[0 0 19] m^mdiz^^mmit. tt*^4 4^c(4ii 

^{ix. SfilESi^ifigfe^^Sll. flu 

30 w:^titc^t^^mt-ri>o 

[0 0 2 0] *|gBJ(^ftfflf4?jk»i*5i9-cfe5o i:: 

[0 0 2 1] mmm(n-^mcts\/'^x^';^^j:mw- 

1 (DWM\c^n\t. mmmicm^iLx'T^mmm^&mir 
40 sriT-. mwsmzii\''XMmcnLxmM<Dmwncm 

[0 0 2 2] sfc. z.nms.\^n\^-t^fm^\mtz^ 

50 nUX^ir^^^hti^tiW Ltcii^-oX. Z<Dj:^[c±si 
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10 0 2 3] /^4b\ r^^^Ej tit. mm 

agpoiffiffi ^1^</ ^fc froE-efc o T t J: V \ 
[0 0 2 4] *^c$P>{C, r«iti$:j tit. n 10 

7K4sj;ti«^?i$ y mm. mm. 

mm. mm. T^^^T^fzitznhommitykm:^^ 

m^X'^ ^m^xhiin\t^£AyXhx\>\ 

[0 0 2 5] m^m2icm^mm<Dmmmw^mi^^^ 

:i<D^tict'o. mnmtmmm<D^^:)j\^izfp^ 
/^*+5>(c[^*L. mmmm(Dm^ti^(^±^^^zt 20 

[0 0 2 6] ff*3l3tc:^^5|g^«DS1Sgfej^^M(cj;5 

t. mm^^^Wiitmm^mm^m^Mi^^-t^tLxm 

SoUIte:^!^ (cSte ^ [site ^ * 5 SSHte^S ^ii X.. 

ffifa^tico^^fiimiisw 5 ■^s«<7)[Hlte$lti^c£l^5^fl)«^ 
^-rso ioT, mmt&WL^micm^ir^^t^Km 

[0 0 2 7] fl*«4fC'^S|ge^(Z)ategfe?f^g«(cJ;5 

t. m=^^m^^mt. mW}i-i:mW}m(D-ifmui^^ 

[0 0 2 8] W*«5(C#,?,|iB^WS«gfe#SSl-J:^ 40 

t. mwi^\tm9m<D^^is\^(D~ijm!>iz^-t^, ^ 

^1;\h\c^mi^^^tf)^x^^tt-h\'. 

^u^-i:Bmi-?>:ittf£^. ^(D^^W:. ^mi:<mm 
[0 0 2 9] miKm6imi>mmizxitiit. mm^i^m 
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X. mi^(Dm.m^mi)^\^±Lx . mcmmfm^^^mm 

So 

[0 0 3 0] 

K^-r^Umxh^o ^J:is. rcoS^gfe^ggi (1. c 

■r^mmf(Dmm-^fzitmAit. mmf(DTmwh m 

mM!^mtitRMm<^m ^mmm-r^^^>v mi 

[0 0 3 1] Z(Dmm.^»mW: l ti^ S^WSrHIfettiR 

WlO. S«±ffiWa ^S^iSgfeif^-rSfcSlxDS^jS 
j5fei^1t« 2 0 . StS±SW a 7 7^1" 5 fci6(^ 

eWRi;«57g^-f-5,^,o (S«W(;5+'t.^o) f^-filci^it 
Tgfej^lS*#t|A^§^t|;b?«#t*&«^»4 0i:. 

[0 0 3 2] mwMwmmi o\t. la^L^ii^^inteiiti) 

-r?)^t°vf4i 1 r(7);=^t°y#i i(D±S§P(c:IS;(t 
feix. S«TffiWb^^±ffilcfc5lt«!i:<7)K*?L{c:J;t)®i 
*<5^^fi-S;^t:°>'5^^5'^' 1 2 i;5^P)/^oTV^5„ m 
j; 19 . StSlH]te1^« 1 0 it. ««TffiWb §r 

iHlfe;^!^ F K>;&-[6](rSffiw^lHlte$it 5 r i /i^T't 5 J; 

^^c7:eoTv^So /jtjb\ :L<Dmmmfmmioit:^^m 

[0 0 3 3] SfCo S^^«fe#mii 2 0 li. Ste±ffiW 

a t ^iRi-r 5 ct 5 tcsi:»t e)tifcSfe*J-|piffiWF . r 

«>?f[^ffiWFrt{c3feS§P^«g$tlT. ?tf*:tLTM* 

(p] ffiW F (ciatt ?3 ti-T ^ © / XVu;5^ t #t|^ ^ 4xfcj5fe#- 
ffi{Cja^?Stil(l*##-t-5Sil)ffi (^3^(^112 COVE) 
%*L. S^gMf^ffiWF t*1S±ffiWa troPBllC#t|^$ 

?/ K2 1 rrc)^^igi5fe#--y K2 1 ^-:h^x%^ 
i-?)mmT-J>.2 2t. Z(DmW}T-J»2 2i:T-J>>1^ 

2 3%:'p.t^ti.xm-^(D'PkS.msxmWi (mm 
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[0 0 3 4] 7t*5. MSbT- A 2 2 tmWimWlW. 24 t 

(D^icii, mw}mwim2 4A^h<Dmnmmtli:mwiT- 
J>^22^Z'^m■t6mW}Bmmm2 4 t75SK^^tfe^^Tv^ 

2 4 t LTro^-^'(Dj±S;^Sfci:T-Ati2 3(7)^tim 10 

(- otitis ^ ti^c-<yH^ t -5 -</^ h&y-VmWJ: 

[0 0 3 5] Si)]T-A2 2 i: #|^,|gS!)M 2 5 t 

<Dmmtnz^mi^rmW}r-j>.2 2izBm-r^^m5m 

a«2 5 t;asKitfc^^TV^2>„ fctxfJ. r<^#|^e^ 
^1«2 5 tfi. #|#igt()?!I2 5 ^: LT(^^-i5'(^m;^lM 20 

~M.2 2i)^hmw3mmm2 4icm?}-^X'<Dmi&<^^m.Wt 
ntf. yf^-ju^^i^mm^Lx^m^i^^r^wsL. m 

Kir- A 2 3;4>bgi!llgt(]M2 4(iM5*T(^«3gtl/45 

[0 0 3 6] :zivh<Dmmzx^. m^^^»mm2 o 

fi. m=^M^^^ y K 2 1 StdlMtbiliR 2 4 J; o r 30 

2 icffio Til 1 (c.T^-r^ta^afiB t s«±bw a ^i- 

fc. #l^ig«)M2 5 iCio-CMS&A 1 iSlXiA 3 (Cj^o 

i^h. S»2fe#m«2 0(i. SifSAi±*±#$-fr. 

a^Mi^rsiPBD t-rs) 2 <DmmD 2 xh6 

4^t«l*i!p:*>oogE&A 2 ±*»«W(7>lHlte$lllR {difi-^ < 
o, M8SA3i^±#LS?&A2±^S^SW©[Hl 

T^Lxmmimtt£^. 

[0 0 3 7] 7-7i/a#1t«3 0{±. SS±ffiW 

7v/gI53 1 ::(7)y7i/g|!3 1 *-;^^-e[Hlte^tg(c 

^n-r^mW]T-M^3 2t. Z.<D'm^T~J^3 2^T- 
A«l3 3^l:t'L^t L-CBlfSW:ft^teHT'|llt() (««)) $ 
-B:5^-^^(^Sft^i!i?!l3 4 T'yv^gps l*3ctt;« 50 
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jSI!)T-A3 2?r±T;^[^t-#l^$-ti:2)*-i5'^«#|S$ 
!Ki!iiS3 5 i:*^6)^ioTV^5o /i*?. T^^v^SBSlli. 
MKiT— A 3 2l^lc^(t fctlfcEI^L?iv^^-^^(^[i] 

|I)T-A3 2 tMt(l.iiitlM3 4 tc^rBl. MttiT 

-i. 3 2 h^-wmm^ 5 i:»raic:rt. @wjg?gfe#^«i 

[0 0 3 8] z.^hnmm^x.'o . m^mekwm2 Q 

mmmu2 4 \c^<omM±.mwa{cr^-oX7Kw^^«}^^ 
^zti^x^. *fc. ^mmmm2 5iz^^±-fmw}^ 

U3 i*3j;t/jS#jSi5fc#-^y K2 i^\ «*RW©^-L^o 

[0 0 3 9] $ ttii]is#tm«4 0 (i. mm±m 
wa(D^'boHmc\^i-fx^i^m=kmii^-t?>mmm^^ 

/ X/U4 1 t . ::<Z)MSb?^#^#-&/ X/w-4 i tcM txgfe^ 

t^«r^ "9 jAtj>|itb?SiaW 4 2 t . ^ WffiiDfgiaW 4 2 
^M$tl.fcgfe?f?S#t|^M4 3 t/5^b/<eoTV^5„ 

z(DmmmM^4 2(Dm^mm. mf^mw^/^^^4 

4 4t>iii-m^nx\^-^^. 

[0 0 4 0] z(Dmmmmmm4 o i^s^ejwijfe^t 

ffiWa^^(i«fe#»^tt*&$il.S^^^i/^6„ fcfcU. 

1SW;0S;^t'':/^-\'-yi^ 1 2 ±\C^1^:^nX\,-^=bm\t. 
1iSb?Kttl&/X>4 1 ;6^bSK±ffiWa 

[004 1] u±(r>mf^i:^i-^mmm^mw: i 

r»^f>'^-^i/^ 1 2[cx^mmf'DVAm^^ 
t mmmc^ mmw(D^.boHmc\^nxm$}mw^ 

us:\'^mm.mwim\zx^xm&xmm^nx. mm^*^ 

IilfettR<Sr4''L4::liI^:^|o)F«;^[Rllc|iIte$tL5 

[0 0 4 2] ^LT. mwjmW}m2 4\zx^xmW}T- 
M>2 2i)mm^nxs m^^m^mm2 0(Dm^^mw- 
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S) o 

I0 0 4 3]2fcfC, #|^iZi[ii!i2 5}Cj;oTS5SA3(C 

^ 1 (r^feiRSD 1 x-h^^m.{ts:X'm=&m^m^nt>ix^ 

-^y^' 1 2(75[HltejiSlil 0 r pm^^fj 1 0 0 0 r pm 10 

[0 0 4 4] ^LT. OlCiSSKWcO 

1i«4 0^^t.(^*#«o#t|^^5ffjyt$|xfcB:fI, 

mi^mm 20 1 yy'ymi^mm 3 0 im^A 3 bSi^ 
A 2 . ^ L-tsssA 1 ^mx'^mitm^^m-t^ tth 

M-r-s c(DS«^jLasa 1 x'<Dmw^mtmT-t?>. 20 

[0 0 4 5] m^s ^mmm'nwmn'^tf£^m 
=»^m^mm2 onm'^mm^^y k2 1 (cov^TIg^ 

(b) fi-to^PBig-efcSo g^iSi5fe»f^--y K2 1(1. so 

fct^i-i. 4-^o-fl:x7n>- (poly tetra 

fluoro ethylene) ifC07 s/^tttfli^^ b 'Je-S ^ 
»Jf^4^<^:*:#:gI5 2 lit. :L(D:^i^^2 1 1 ©jSKlc+B 

-5S^s*fi6]SWFrt{r^I!)Ev F ^^ri-5¥ffilt-e 

ft;^¥S^<7)S«]« 2 1 2i:. -(7)Si)]S2 1 2(D±ffi 
nxmW}W.2 1 2Srj@^JS«i(l$-tir5¥B^lT-*R¥« 

/V2 2 0, 2"^ 0 ti^^'htl-oX^^^^ ^LT. Ste^t-fB] 40 
ffiWF-CH/X/U2 2 0, 2 3 0 (D5feCgI5N S . NS* 
-&tp*l*:gP2 1 1 tmmW.2 1 2WS»)BVFdSB&ffi- 

[0 0 4 6] ^S)te2 1 2tt. ±Tffi;55ipB(CffM^ 

tL, ^•roi^sigt?**|£gi?2 1 i{c$:j$$n5*g^«ttcicj^ 

^$tl?)o ^t!)^2 1 2(i. ^i)l^2 1 3A>h^±-r^ 

m^mc^mLxmm^i5m-r^im^m-r^i,(DX\ 
[0 04 7] mmi- 2 1 3 EEm.m^ 2 5 o t . mn, 50 



2001-334221 
10 

m^2 5 0 (Drm(omt±m'^t>fcoxmn bHtz^m 

2\zmW]m^i^^^hn^ 2 5 o^d®^ 

i&mmr^m±i-s ^<Dm^&mmimmm2 i2i^L 

XmWmizB^hiX?}. ?fe4b\ JE«*i^2 5 0tLT 
{1. r 15 icBgM*^ (75 J; 5 (is ft!lcoj^.aT'@^fe 

[0 0 4 8] HI 4 tt^ifc^ 2 1 3 ro^J^sfmm-C-*) 5„ 
^il!2fl:112 5 1 (lffil;*T-2 5 0c7)Tffi^S<'\ ^<^^ 

m^mm^tii±mm^2 5 o(D±m\cmi^n?>o itm 

ro^^fiJmS2 5 2 li. SVMC^fBl LTffim*^- 2 5 0 CD 

±BirKS$n. ^n^'fimmwmzj^i^^nx\^^^o 

m4(DmXlt. 2fi0^fiJfl:1f 2 5 2 a . 2 5 2 b^55 

vMci*]^^v\ iBicf-yf-exy 5/ hp 1. P2/55jfM 

|f|52 5 2 c, 2 5 2 d^^AiJiitfJi^-eKg^nSo SSl 
ffi2 1 2 tmm^2 1 3 i:H0iJ;t{S^«f^jT-^*$iX 

[0 0 4 9] S^jeigSlg2 1 4A>h'j^mmm2 5 2 
a . 2 5 2 b {C^mmWlis-^ri:m\i-t^ t . ^Iti:^ 2 1 
2tO«»BVF(C®^}SSI(l (fc^^^iS) <7)^itT?S*5|g 
^i-rS. ■tT'^*:?'^. ^'•Sy«^2 5 2 a. 2 5 2 b Icii. 
9 0° f4ffi;a5^/=CSIE3£jS-r'fc?) 2Sliro3?»f£ilS!lff ^ 

tm^^fi^. m.mi-2 1 3tD^5)-S'j«ii2 523.2 

5 2 b roKT<^gP5>«. ^5}-Si]«1i(c-^;te5ttfc.Wf 
-§-lc:jJ;c-C#liL. rw#ffi(c^J;;CTSii]fe2 1 2cD« 

<7)«ajT-|l. ^jjig^ttlft-i-<^fi[*S?r:9-f«mil2 5 2 a 

^^#l«1i2 5 2 b (c-f . Il^:fe#|(c-f4gi-5^fi| 

1:112 5 2 a»l#@cDfl:1i±|fP2 5 2 c t^h^'j^WiMM 

2 5 2 b<Dl#B(Z)S;^±952 5 2 d ir^VT. 04'* 

t itfljS/Js^ c 5 1 1 5o 

[0 0 5 0] ifWU2 1 1 it. ^»;|^(0±ET'±ifi<75g 

«IT-A2 2(D-;^SwTffi{-jKyuh^l-j:oT@S$ 
i^T*3!9. *^la52 1 lrt>^jfai-5/X/P2 2 0. 2 

3 0{i. gt()T-A2 2W|*llf|5^ii5/X>'PSBW2 2 

1 . 2 3 1 ^^n^LT. hi&nm^mwimmAoay^^ 

?^gat4 2/5Sggg$tlfc«fe#?^#t|&j!f.4 3(cg^^$tlT 
V-So 4:^. yX/UiBl=2 2 1. 2 3 1 W^ttJgBtclii. 
y XyU 2 2 0 . 2 3 0 <Dm.W^(O^^^W^^/Wit 
^•a:5fc*(0/</l':/2 2 2. 2 3 2;4S^^$tLTV^2)„ 
[0 0 5 1] y X>2 2 0. 2 3 0 (±. S^jggfej^--- i/ 

K2 1 lc>pH-5K«W©^»i;^i^T-fc5llte;^|6]F(cM 
LxmWs^2 1 2?r}*^-eTMlJ(-/X.'^2 2 0;S^ ± 
}^ffllC7X/U2 3 0;6WS^tt5„ yXVU2 2 0 (i^. 

/ xvu 2 3 0 ©itj^g h mmf£ (D xmm i^^mt s ) (t. 

mm^2 1 2 <^JSffiT'5j#i-^)*#:a5 2 1 l<DmmW(D 
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(2 3 3) ^SJiiJLTffM^nSo *#:gP2 11(DSS 

*)-r6]ffiWF-t*fc?)5tei!S95NS(ctt. i5fe^l^f£ol>hm?L 2 2 

4 (2 3 4) y hmcmii^h. ms (b) 

[0 0 5 2] -^tLT. Ptttl7L2 2 4 (2 3 4) CilR^rt 
952 2 5 (2 3 5) ^^LT. ^^^2 2 6 (2 3 6) 
(raig^nS^ P±m?L2 2 4 (2 3 4) (l^oOfrB^ 

MgC2 2 6 (2 3 6) col4ifB^J;'9 t./h§<JfM 
^tl^o ^<DmMU2 2 6 (2 3 6) C0±f|5lC/ X^-UfB 10 
W2 2 1 (2 3 1) ;«s-9-|l^t/tIl3 (a) (C^-TiSlgSP 
221a, 221b (231a, 231b) Hl^M'K. SI 

10 0 5 31 m^. m 1 (^^MD 1 it. +^^\zfm^m 

Kim'^-^-r:mtc:^h^^?^'mx-hiilii. < . ii^3 mm 
tt. #I^IEt&M 2 5 J: o Tff ^^nx^J "9 , ±34^11 1 

r&lPBllHKdIll ©fflPSD 1 i:||2COFBl|iBD 2t<D2-0(D 20 

[0 0 5 4] *fc, &L±<Dmi^<Dm'^^m^^~y k2 i 

(75:^#$fi. 113 (a) [c^i-J;:o\c, S:|gwro4^'L^O 
;4SSlf)ffivF(7?-;^Ji^ (I14^:fejli|) (cf4ftU. X^SWco 
JSgBW c /iS{tii;^i!S (ia4'*«) (c*ff^i]-r5„ -tfl^h. 

[0 0 5 5] ii(±««)5Sc;lCj; 19. /VP7"2 2 2, 2 3 2 
;6>$iJ^igp 5 0 ©fl-g-fc J: ^) r?Sj5it ^ tvT y xVu 2 2 0 . 2 
3 0;6^e>gfe?fH?S/55#t*&$tL5. 1 1 tfc, J$i5fe# 30 

K 2 1 &mM\^mmDim i wkphd 1 1 fi^am 
^(Dfm^mKizmtc^titz^^mimi^x. mmm 2 

lO 0 5 6] ^(7>|®, yX/1'2 2 0. 2 3 0-e(iy 
X/i^sat 221, 231 ^^hWi^^ivtziSc^mmM^^ 40 

g|32 2 5, 2 3 5 i:^g^@a52 2 6. 2 3 6 OlSfffi^t-]^ 

</^f:i<fc I9«g|52 2 6. 2 3 60ft#;^[&i(r^i|-r5o 

^ LT. mi^Mitm^f^^ 2 2 5, 2 3 5 ^^ftT-f^ ^1 
tX\ m^ff^'Pf£<^])yhmz^tiill2 2 4. 23 4 

[0 0 5 7] i5fe?^|gCDS«±ffiWa±T'(75*t!)(- 
oV>Ti^0^-t-5„ S«W<!rS«>Fl-I^]ffiWa 

vx\,^^^'^(Dmm (UAT, *fi^rBiPBi:v^5) (i3m 
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3mmJiA±(7)J¥;^«?SI^S:S«gffi(cffM1-5„ rofc 

R:!!)^t>gSti'5;^|fi](Cai'iix:^ds, S1SW©lilfe:^[^Fw;^ 
i^$ixfcgfer^?^tt, llie«lR7!i^^iin5;^[Sli3j;t)5!El^ 

[0 0 5 8] ^^Ts m^m(7^m^*^-ijx-h^m^vj 
t. m^m\trm^mKfyizm^^:^i:h-^xLxhm 

nibntztLXts [Hlteiiit;i5-f--rf~SitiiljK2 1 2 
wSKiEBV F (7)T^SfflT')5fe#•^^/4>FB^It^FBm^-^^^^^ 

/<cv\ Li)^Ltj:i)^h. z(D-mmmm\z^^^x\i. mw\ 

2 1 2 COtgffjffi V F (DmmW(DmUij\^ F (#»* 

f^) (D±mm t ymm-t / x/w 2 2 o , 230 ro^ssip 

NS, NS-t:St'9ll*nT*3'9, *fc, /XVl'2 2 0, 
2 3 0(7)ni;tll7L2 2 4, 2 3 4 ©Fj|?Lft $ 

KB V F ;*5fj:(t i^^x\^^(DX\ FHllt^FBlKrt (iSsSiffi 
VF©^ffi(cMi9^(cj^i5Ei-?)r t;OS-^-t^o ip-^> S 

|Si^F«1Klc:gfe?^*Kfi«fc^ffi$n5 r 1 1 "5 , Sfe^JS 

[0 0 5 9] j5feif-f^©W*&})ft&i:KfiWcD(lie 

K2 l©S^>pfl^EWFtc«Jt6*j[M](a^Sfc5ti^^JS;65 

(D^^t t t\z^Wi?^mKfH<D^%*^^^^\ii^nxmw- 
mizi^^mtz^n^. ior, mmm2 1 2<d«6«*b5 

[0 0 6 0] ^tz..:L(Drm^mK{zmtz^ntzm^m 

(i, FBm^^FBlKi*i«^^l^{i:(^^ir ftfens c t (i^iv^w 

mm^^^i^^'-^Bm^ixi>(Dx\ mm^m(DWim^£y< 
[0 0 6 1] z.(Diikmx^m.mw3m^i'j^mmm 

252a, 252b tctt^-f-^ t , MW\Wi 2 12 Wjgtd 
B V F izmni^t^^UW(D '^'bOi^h W c (C fB] o 

[p)FKlElteL.OoK:feWc0^ffl(C#iii$n5o -f^cCtJ 
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^ ti>xt *7t. mmmcia\,^xm 
mm\.xm^(Dmmim'tx. m.=^&mm(Dmn^i: lo 

[0 0 6 2] f£ia^ ±ta^-co||JfeM(-fct'^T(i. ^>Si| 

m^252a. 252b (CP C^Jf^(D^^mWliB^^H 

[0 0 6 3] <^-<Dmmm>±^<Dmmmi>'is\'^xit 

\cM-^^mnii^^mm^'^m-r^^xfmLXi^ 
^om 5 {c^-tx 0 fm^^<Dm^^T^i^^-y k 3 20 

00tLTtiJ:>/\ II 5 (i. Z<Dm^WSc^^'yV3 0 
0(7?S:!g>rt|fi]ffiWF. ^SlffiVF. jsitZ/X^i-ro^ffi 

§i5Nsi:. m^wt<Dmm^^-rw^^ms me (a) (± 
^(DA^^M^hM^tzmmm. me (b) (i-t(^Tffi;6^ 

[0 0 6 4] ^(Dm'&Ti^iffc^-^y K3 0 0 (C*JV^TIi. 

mmwL 3 0 1 izn-r^mwii' 302 ©^s^^s^iic^T^i 30 

5o I16t'^i-i;5t'. 'C>S^^i5fe#---> K3 0 0 

Sllli^ 3 0 2 LXmmm 3 0 1 (D^^1j\^Xh^ 
i*Sffilf|5{C2|a(Z)S»)^-3 0 3, 3 0 4^#UTV^-5„ 

1 oroMti)^ 3 0 3 (i. zmm^ 3 0 5 1 . mnm^ 3. 

0 5 (7)Tffit-S 5 J; 5 t'-t LT^(7)ffig|5;4s;it:3g^ 3 o 

5(D±mzm&^ntzmmmm3 o e £Em*^3 o 

5J::B«O^V^fcffi(Cj£;J5o-CIS:ttfcn/t«1i3 0 7 

^-t>oT«^§n5o ffi::&w«t(I^^3 0 4'bl^«rofll^K 
[0 0 6 5] -tLT, ::co|g~(O^JI^j<^1ifiic(-J;oT 40 

1 1 1 i-. siswossaiw c immm^ a o 4 ^pj^Mts 

fl^^iR^ft J; o Tfibe $ n/iit ^ /JS El 6 ;&;:fyfS] 

!^#:oii«)ir.att. m^&^'e-'^xmm^hxjrs^ . ± 
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[0 0 6 6] ^LT. ^ti)^ 3 0 3^^1b$-fr€.t it) 
ffi^PJ;i|X-rs„ 116 (a) |c^1-J;5{-s ^ 

Kii^s 0 3tcii@#js3i§^^2 1 4i)m^!^^ns mwi^f- 

3 0 4lc(l:ftiW®irL3 o 9 i: =i-('/w3 i 0-C«j^g;$n6 
[E]Sg3 0 8lr1*^iLT«J5)c-r5o T^fiiB. Sft^3 0 4^ 
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